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Description 



[ELECTRICAL PACKAGE AND 
IVIANUFACTURING IVIETHOD THEREOF] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 92122342, filed August 14, 2003. 
Background of Invention 

[0002] Field of the Invention 

[0003] The present invention relates to an electrical package and 
manufacturing method thereof. More particularly, the 
present invention relates to an electrical package having a 
support substrate fabricated from a conductive material 
and manufacturing method thereof. 

[0004] Description of the Related Art 

[0005] Flip chip interconnect technology is a packaging technique 
for connecting a die to a carrier electrically. To form a flip 
chip package, an array of die pads is formed on the active 
surface of a die and then bumps are attached to the re- 



spective die pads. Thereafter, the die is flipped over such 
that the bumps are aligned and bonded to the bump pads 
on the surface of a carrier. Furthermore, the carrier has 
internal circuits for connecting with an external electronic 
device. Hence, the die can be electrically connected to the 
external device through the bumps and internal circuits 
inside the carrier. Since the flip chip technology can pro- 
duce a high pin count chip package with a smaller pack- 
age size and a shorter signal path length, it has been 
widely adopted in the semiconductor manufacturing in- 
dustry. The most common types of chip packages that can 
be produced using the flip chip technology include the 
flip-chip/ball grid array (FC/BGA) and the flip-chip/pin 
grid array (FC/PGA), for example. 
[0006] Fig. 1 is a schematic cross-sectional view of a conven- 
tional flip chip ball grid array electrical package. The elec- 
trical package 100 in Fig. 1 comprises a substrate 110, a 
plurality of bumps 120, a die 130 and a plurality of solder 
balls 140. The substrate 110 has a top surface 112 and a 
bottom surface 114. Furthermore, the substrate 110 has a 
plurality of bump pads 116a and a plurality of ball pads 
116b thereon. The die 130 has an active surface 132 and 
a backside 134. The active surface 132 of the die 130 



refers to the surface with the most active devices (not 
shown). The die 130 also has a plurality of die pads 136 
on the active surface 132 serving as a medium for out- 
putting signals from the die 130. The bump pads 116a on 
the substrate 110 are distributed to correspond with the 
position of the die pads 136. Each bump 120 is electrically 
and structurally connected to one of the die pads 136 on 
the die 130 and a corresponding bump pad 116a on the 
substrate 110. The solder balls 140 are attached to vari- 
ous solder pads 116b for connecting to an external elec- 
trical device both electrically and structurally. 
[0007] In the conventional process, the circuits inside the sub- 
strate 110 and contact points 116a, 116b on the exposed 
surface of the substrate are formed before assembling the 
die 130 to the substrate 110. Thereafter, an underfill layer 
150 is dispensed into the space between the top surface 
112 of the substrate 110 and the active surface 132 of the 
die 130. The underfill layer 150 not only protects the 
bump pads 116a, the die pads 136 and the bumps 120, 
but also buffers any stress between the substrate 110 and 
the die 130 due to a mismatch in thermal expansion coef- 
ficients. In brief, the die pads 136 on the die 130 and the 
bump pads 116a on the substrate 110 are both electri- 



cally and structurally connected through the bumps 120. 
The bump pads 116a and the solder ball pads 116b on 
the bottom surface 114 are electrically connected via the 
internal circuits within the substrate 110. Finally, the sol- 
der ball pads 116b and an external device are connected 
electrically and structurally via the solder balls 140. 

[0008] Jo produce high-density circuits within the substrate, a 
build-up method is often deployed to form a circuit layer 
on the surfaces of a dielectric core and then using a 
plated through hole (PTH) to connect the two circuit layers 
electrically. However, because a substrate having a thin 
dielectric core is vulnerable to warping by heat, the di- 
electric core must have a sufficient thickness to provide 
structural stiffness for withstanding warping stress. This 
renders any further reduction of the thickness of the di- 
electric core difficult. 

[0009] Conventionally, a plated through hole is formed by laser- 
drilling the dielectric core form a fine hole. Thereafter, an 
electroplating operation is performed to coat a metallic 
layer over the interior wall of the hole so that the circuit 
layers on each side of the dielectric core are electrically 
connected. However, drilling with a laser is quite an ex- 
pensive operation, thereby increasing the cost of fabricat- 



ing the substrate. Moreover, the conventional fabrication 

method can no longer reduce the diameter of the plated 

through hole any further. In other words, the conventional 

method of forming plated through holes in a dielectric 

core has become a bottleneck for increasing the circuit 

density within the substrate. 
Summary of Invention 

[0010] Accordingly, one object of the present invention is to pro- 
vide an electrical package and manufacturing method 
thereof capable of increasing the density of bonding pads 
and fine circuit lines inside a multi-layer interconnection 
structure, lowering the production cost while improving 
the electrical performance of the package. 

[0011] Jo achieve these and other advantages and in accordance 
with the purpose of the invention, as embodied and 
broadly described herein, the invention provides an elec- 
trical package. The electrical package at least comprises a 
multi-layer interconnection structure, at least an elec- 
tronic device and a support substrate. The multi-layer in- 
terconnection structure has a top surface and a bottom 
surface. Furthermore, the multi-layer interconnection 
structure has an inner circuit with a plurality of bonding 
pads. The bonding pads are located on the bottom sur- 



face of the multi-layer interconnection structure. In addi- 
tion, the electronic device is disposed on the top surface 
of the multi-layer interconnection structure but electri- 
cally connected to the inner circuit within the multi-layer 
interconnection structure. The support substrate is fabri- 
cated using a conductive material. Furthermore, the sup- 
port substrate is disposed on the bottom surface of the 
multi-layer interconnection structure. The support sub- 
strate also has a plurality of openings that exposes corre- 
sponding bonding pads. 
[0012] jhis invention also provides a method of forming an elec- 
trical package. First, a support substrate fabricated using 
a conductive material is provided. Thereafter, a multi- 
layer interconnection structure is formed on the support 
substrate. The multi-layer interconnection structure en- 
closes an inner circuit with a plurality of bonding pads lo- 
cated at the junction interface between the multi-layer in- 
terconnection structure and the support substrate. A plu- 
rality of openings that exposes various bonding pads is 
formed over the support substrate. At least an electronic 
device is disposed on the surface of the multi-layer inter- 
connection layer far away from the support substrate. The 
electronic device is electrically connected to the inner cir- 



cuit within tlie multi-layer interconnection structure. 

[0013] This inventionuses a support substrate with high stiffness, 
high electrical conductivity, high thermal conductivity and 
low coefficient of thermal expansion (CTE) to serve as a 
base layer for building a multi-layer interconnection 
structure. Thereafter, a plurality of openings that exposes 
a multiple of bonding pads on the bottom surface of the 
multi-layer interconnection structure is formed over the 
support substrate. An electronic device is formed over the 
multi-layer interconnection layer and contacts are formed 
inside the openings above the bonding pads. Conse- 
quently, this invention effectively improves the electrical 
performance and the heat-dissipating capacity and re- 
duces overall thickness of the electrical package so that 
the package can be further miniaturized. 

[0014] It is to be understood that both the foregoing general de- 
scription and the following detailed description are exem- 
plary, and are intended to provide further explanation of 

the invention as claimed. 
Brief Description of Drawings 

[0015] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 



drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 
of the invention. 

[0016] Fig. 1 is a schematic cross-sectional view of a conven- 
tional flip chip ball grid array electrical package. 

[0017] Figs. 2A through 2G are schematic cross-sectional views 
showing the progression of steps for fabricating an elec- 
trical package according to a first preferred embodiment 
of this invention. 

[0018] Fig. 3 is a schematic cross-sectional view of the electrical 
package according to the first preferred embodiment but 
having smaller size contacts. 

[0019] Figs. 4A through 4H are schematic cross-sectional views 
showing the progression of steps for fabricating an elec- 
trical package according to a second preferred embodi- 
ment of this invention. 
Detailed Description 

[0020] Reference will now be made in detail to the present pre- 
ferred embodiments of the invention, examples of which 
are illustrated in the accompanying drawings. Wherever 
possible, the same reference numbers are used in the 
drawings and the description to refer to the same or like 
parts. 



[0021] Figs. 2A through 2G are schematic cross-sectional views 
showing the progression of steps for fabricating an elec- 
trical package according to a first preferred embodiment 
of this invention. As shown in Fig. 2A, a support substrate 
202 fabricated using a high stiffness, electrical conductiv- 
ity, thermal conductivity and a low coefficient of thermal 
expansion (CTE) material is provided. Material constituting 
the support substrate 202 includes iron, cobalt, nickel, 
copper, aluminum, titanium, tungsten, zirconium, 
chromium, an alloy of the above, AISi, or AlSiC. Further- 
more, the support substrate 202 must have a high degree 
of surface planarity to facilitate the subsequent fabrication 
of fine circuits. 

[0022] As shown in Fig. 2B, a plurality of barrier layers 204 are 
formed over the support substrate 202. The barrier layers 
204 are fabricated using a metallic material such as gold. 

[0023] As shown in Fig. 2C, a multi-layer interconnection struc- 
ture 206 is formed over the support substrate 202 to 
cover the barrier layers 204. The multi-layer interconnec- 
tion structure 206 comprises a plurality of circuit layers 
208, at least a dielectric layer 210 and a plurality of con- 
ductive vias 212. The circuit layers 208 are sequentially 
stacked over the support substrate 202. Each dielectric 



layer 210 is positioned between two neigliboring circuit 
layers 208. The conductive vias 212 pass through one of 
the dielectric layers 210 to connect at least two circuit 
layers 208. The circuit layers 208 and the conductive vias 
212 together form a network of inner circuits. The inner 
circuits forms a plurality of bonding pads 208a located on 
the top surface 206a of the multi-layer interconnection 
structure 206. Furthermore, The inner circuits forms a 
plurality of bonding pads 208b located on the bottom 
surface 206b of the multi-layer interconnection structure 
206. The bonding pads 208a may be respectively formed 
with a portion of the circuit layers 208 or a portion of the 
conductive vias 212. In Fig. 2C, the bonding pads 208a 
are respectively formed with a portion of the conductive 
vias 212. In addition, the circuit layers 208 are fabricated 
from a metallic material such as copper, aluminum or an 
alloy of the two. The dielectric layer 210 is fabricated us- 
ing a dielectric material such as silicon nitride, silicon ox- 
ide or epoxy resin. 
[0024] If the inner circuits within the multi-layer interconnection 
structure 206 are formed in an electroplating operation, 
the support substrate 202 may directly provide a conven- 
tional plating line function. In other words, the support 



substrate 202 may be directly connected to a power 
source that provides tlie plating current. 
[0025] In this invention, a liquid crystal display panel or inte- 
grated circuit fabricating techniques can be also deployed 
to produce the multi-layer interconnection structure 206 
over the support substrate 202. Hence, the inner circuit 
can have a line width and pitch between Ipm to SOmiti, 
most probably from one to a few micrometers. Compared 
with a conventional organic dielectric substrate 110 as 
shown in Fig. 1, the multi-layer interconnection structure 
206 according to this invention has a higher bonding pads 
and circuit line density. Moreover, it is possible to dispose 
a plurality of inner circuit connected passive components 
(not shown) embedded within the multi-layer intercon- 
nection structure 206 or mounted on the top surface 206a 
when the multi-layer interconnection structure 206 is 
formed. 

[0026] As shown in Fig. 2D, a portion of the support substrate 
202 is removed by etching to form a patterned support 
substrate 202 with a plurality of openings 203. The open- 
ings 203 respectively expose the bonding pads 208b indi- 
rectly through the barrier layers 204. Note that the pur- 
pose of having a barrier layer 204 is to prevent the re- 



moval of a portion of the inner circuits above tlie barrier 
layer 204 wlien tlie support substrate 202 is patterned. 
Furtliermore, a pre-solder bump 214 (or a bump) may 
also be formed over the bonding pad 208a to facilitate flip 
chip bonding before the electronic device 218 is attached 
to the top surface 206a of the multi-layer interconnection 
structure 206. 

[0027] As shown in Fig. 2E, an insulation layer 216 is formed 
over the interior sidewalls of the openings 203a without 
forming on the interior sidewalls of the openings 203b. 
Furthermore, the insulation layer 216 is coated on the 
surface of the support substrate 202 further away from 
the multi-layer interconnection structure 206. The insula- 
tion layer 216 is fabricated using, for example, a material 
identical to the conventional solder mask layer. 

[0028] As shown in Fig. 2F, at least an electronic device 218 is 
attached to the top surface 206a of the multi-layer inter- 
connection structure 206. Furthermore, the electronic de- 
vice 218 is electrically connected to the inner circuits 
within the multi-layer interconnection structure 206. The 
electronic device 218 can be a die, a passive component 
or another electrical package. The method of linking the 
electronic device 218 to the multi-layer interconnection 



structure 206 electrically includes flip-chip bonding, wire 
bonding or thermal compression bonding. In the first em- 
bodiment, only the flip-chip bonding method of connect- 
ing a die electrically to the multi-layer interconnection 
structure 206 is shown. 

[0029] As shown in Fig. 2C, a contact 220 is formed over each 

bonding pad 208b. The contacts 220 are solder balls, pins 
or electrode blocks, for example. Thus, an electrical pack- 
age 200 is fully formed. Note that the conductive support 
substrate 202 has a large surface area to serve as a large 
reference plane such as a power plane or a ground plane. 
Hence, the bottommost circuit layer 208 can be used to 
connect with the support substrate 202 directly. Further- 
more, the contacts 220b (only one is shown) inside the 
openings 203b form directly electrical connections with 
the support substrate 202. Meanwhile, all the other con- 
tacts 220a have no electrical connection with the support 
substrate 202 because they are isolated from the support 
substrate 202 through the insulation layer 216. Hence, 
the electrical package 200 can have a larger reference 
plane for improving overall electrical performance. 

[0030] To form solder balls contacts 220, material for forming 
the contacts 220 is deposited into the openings 203 to 



form electrical connections with corresponding bonding 
pads 208b. Furthermore, the singulation process for 
forming a plurality of single electrical packages 200 can 
be carried out before or after the contacts 220 are at- 
tached to the bonding pads 208b. 

[0031] Fig. 3 is a schematic cross-sectional view of the electrical 
package according to the first preferred embodiment but 
having contacts with smaller size. As shown in Fig. 3, the 
electrical package 201 is designed to have pin-shape or 
small size contacts 220. Since the contacts 220 will re- 
main isolated as long as the contacts 220 are prevented 
from touching a corresponding opening 203, the contacts 
220 are designed to have a smaller diameter than the 
openings 203. In other words, there is a minimum dis- 
tance of separation between the side edges of the con- 
tacts 220 and the interior wall of the openings 203. Obvi- 
ously, some of the contacts 220 may have a larger volume 
so that these particular contacts 220 can form a direct 
electrical connection with the support substrate 202 simi- 
lar to the contacts 220b in Fig. 2G. 

[0032] In the first embodiment, a circuit layer is formed over the 
support substrate before the remaining multi-layer inter- 
connection structure. However, in a second embodiment, 



the remaining multi-layer interconnection structure is 
formed after forming an isolating layer with dielectric 
properties. 

[0033] Figs. 4A through 4H are schematic cross-sectional views 
showing the progression of steps for fabricating an elec- 
trical package according to a second preferred embodi- 
ment of this invention. As shown in Fig. 4A, a support 
substrate 302 fabricated using a high stiffness, electrical 
conductivity, thermal conductivity and a low coefficient of 
thermal expansion (CTE) material is provided. Material 
constituting the support substrate 302 includes iron, 
cobalt, nickel, copper, aluminum, titanium, tungsten, zir- 
conium, chromium, an alloy of the above, AISi, or AlSiC. 
Furthermore, the support substrate 302 must have a high 
degree of surface planarity to facilitate the subsequent 
fabrication of fine circuits. 

[0034] As shown in Fig. 4B, an isolating layer 322 is formed over 
the support substrate 302. Thereafter, a plurality of open- 
ings 322a is formed in the isolating layer 322. The isolat- 
ing layer 322 is fabricated using a dielectric material. 

[0035] As shown in Fig. 4C, a plurality of barrier layers 304a and 
a plurality of conductive vias 304b are formed over the 
support substrate 302. The barrier layers 304a is set up 



over the isolating layer 322 and the conductive vias 304b 
are set up inside various openings 322a. The barrier lay- 
ers 304a and the conductive vias 304b are fabricated us- 
ing a conductive material such as gold. 
[0036] As shown in Fig. 4D, a multi-layer interconnection struc- 
ture 306 is formed over the support substrate 302. Since 
the construction of the multi-layer interconnection struc- 
ture 306 is identical to the one in the first embodiment, 
detailed description of the process is omitted. Similarly, a 
plurality of bonding pads 308a is formed on the top sur- 
face 306a of the multi-layer interconnection structure 306 
and a plurality of bonding pads 308b is formed on the 
bottom surface 306b of the multi-layer interconnection 
structure 306. If the inner circuits within the multi-layer 
interconnection structure 306 are formed in an electro- 
plating operation, the support substrate 302 and the con- 
ductive vias 304b may directly provide a conventional 
plating line function. In other words, the support sub- 
strate 302 and the conductive vias 304b may be directly 
connected to a power source that provides the plating 
current. 

[0037] As shown in Fig. 4E, a portion of the support substrate 
302 is removed to form a plurality of openings 303. 



Thereafter, a plurality of openings 323 is formed in the 
isolating layer 322 by ultrasonic drilling, laser burning or 
plasma etching. The openings 323 are linked to the vari- 
ous openings 303 so that the bonding pads 308a are in- 
directly exposed through the barrier layers 304a and the 
conductive vias 304b. Similarly, a pre-solder bump 314 
(or a bump) may also be formed over the bonding pad 
308a to facilitate flip chip bonding before the electronic 
device 318 is attached to the top surface 306a of the 
multi-layer interconnection structure 306. Note that the 
conductive support substrate 302 instead of a conven- 
tional plated line can be used to form various pre-solder 
bumps 314 on the bonding pads 308a of the multi-layer 
interconnection structure 306 by plating. 
[0038] As shown in Fig. 4F, an insulation layer 316 is formed 

over the interior walls of the openings 303a and 323a but 
is prevented from forming on the interior walls of the 
openings 303b and 323b. Furthermore, the insulation 
layer 316 is coated on the surface of the support sub- 
strate 302 further away from the multi-layer interconnec- 
tion structure 306. The insulation layer 316 is fabricated 
using, for example, a material identical to the conven- 
tional solder mask layer. 



[0039] As shown in Fig. 4C, at least an electronic device 318 is 
attached to the top surface 306a of the multi-layer inter- 
connection structure 306. Furthermore, the electronic de- 
vice 318 is electrically connected to the inner circuits 
within the multi-layer interconnection structure 306. The 
electronic device 318 can be a die, a passive component 
or another electrical package. The method of linking the 
electronic device 318 to the multi-layer interconnection 
structure 306 electrically includes flip-chip bonding, wire 
bonding or thermal compression bonding. Similarly, in the 
second embodiment, only the flip-chip bonding method 
of connecting a die electrically to the multi-layer inter- 
connection structure 306 is shown. 

[0040] As shown in Fig. 4H, a contact 320 is formed over each 

bonding pad 308b. The contacts 320 are solder balls, pins 
or electrode blocks, for example. Thus, an electrical pack- 
age 300 is fully formed. Similarly, the conductive support 
substrate 302 has a large surface area to serve as a large 
reference plane such as a power plane or a ground plane. 
Hence, the contacts 320b (only one is shown) inside the 
openings 303b can be used for connecting with the sup- 
port substrate 302. Meanwhile, other contacts 320a hav- 
ing not need for any electrical connection with the support 



substrate 302 are electrically isolated from the support 
substrate 302 through the insulation layer 316. Conse- 
quently, the electrical package 300 can have a larger ref- 
erence plane for improving overall electrical performance. 

[0041] To form solder balls contacts 320, material for forming 
the contacts is deposited into the openings 303 to form 
electrical connections with corresponding bonding pads 
308b. Furthermore, the singulation process for forming a 
plurality of single electrical packages 300 can be carried 
out before or after the contacts 320 are attached to the 
bonding pads 308b. 

[0042] Aside from packaging single electronic device, the electri- 
cal package according to the first and second embodiment 
of this invention can be used to enclose a multiple of 
electronic devices. Through the inner circuits within the 
multi-layer interconnection structure, various electronic 
devices are connected electrically. In other words, the 
electrical packages can be applied to form a multi-chip 
module (MCM) and system in package (SIP) module. 

[0043] In summary, major advantages of the electrical package 
and manufacturing method thereof according to this in- 
vention includes: 

[0044] I A support substrate with a high stiffness, good electri- 



cal conductivity and low coefficient of tliermal expansion 
is used as an initial layer in the fabrication so that 
warpage of electrical package is greatly reduced. 

[0045] 2. The electrically conductive support substrate can serve 
as the power plane or the ground plane of the electrical 
package and connections with the support substrate can 
be effected through contacts. Hence, electrical perfor- 
mance of the electrical package is improved. 

[0046] 3, Since the support substrate has a high thermal conduc- 
tivity, overall heat-dissipation capacity of the electrical 
package is improved. 

[0047] 4, Compared with a conventional substrate with a dielec- 
tric core, this invention has no need for drilling fine holes 
to fabricate plated through holes (PTH). Thus, the wiring 
density inside the multi-layer interconnection structure 
can be increased to provide better performance. 

[0048] 5, In the second embodiment of this invention, the con- 
ductive support substrate replaces the conventional plated 
line. Furthermore, through the support substrate, an elec- 
troplated layer and a pre-solder bump are formed on the 
bonding pads on the top surface of multi-layer intercon- 
nection structure. 

[0049] It will be apparent to those skilled in the art that various 



modifications and variations can be made to tlie structure 
of tlie present invention witliout departing from tlie scope 
or spirit of tlie invention. In view of the foregoing, it is in- 
tended that the present invention cover modifications and 
variations of this invention provided they fall within the 
scope of the following claims and their equivalents. 



